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NOTICE

When Government drawings, specifications, or othv.r (lIta are

use for any purpose other than in connection wth a delinit-ly related

-G- ernment procurement operation, the United States Government

thereby incurs no responsibility nor any obligation whatsoever; and the

fact that the government may have formulated, furnished, or in any way

supplied the said drawings, specifications, or other data, is not to be

regarded by implication or otherwise as in any manner licensing the

holder or any other person or corporation, or conveying any rights or

permission to manufacture, use, or sell any patented invention that may

in any way be related thereto.

Copies of this report should not be returned unless return is

required by security considerations, contractual obligations, or notice

on a specific document.
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FOREWORD

This report was prepared by Hughes Aircraft Company, Colver

City, California under Contract Number F33615-68-C-1225. The

contract was conducted under "Materials Information Developmenl,

Collection and Processing," Project No. 8975, "Materials Informaiion

Analysis Centers, " Task No. 897503, "Electronic Properties Infornia

tion Center. ' The work .- as administered under the direction of the Air

Force Materials Laboratory, Air Force Systems Commnand, Wright-

Patterson Air Force Base, Ohio, %kith Messrs B. Emrich and R F

Klinger, MAAM, Project Engineers.

This report covers ihe period I February 1968 through 28 Febru-

ary 1970. The report k'as submitted by the author in March 1970 for

public ation.

The work described is credited to the collective efforts ,uf the

entire Electronic Properties Information Center staff.

This technical report has been reviewed and is approved.

award 1)ugger //
Chief, ,Materials Infý -,,iation 11rach

Materials Support Division
Air Force Materials Lab1a_1 y
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ABSTRACT

This final report describes the activities of the Electronic

Properties Information Center during the period I February 1968

through 28 February 1970. The Center has expanded its scope to

include increased coverage of 'he optical properties of materials,

revised and expanded its indexing system to accommodate this expan-

sion, acquired 10, 000 carefully reviewed documents, bringing EPIC

holdings to 4Z, 000 items, and delivered to the Air Force a complete

index to these holdings. Over 15, 000 copies of 39 technically competent

publications, prepared during this period, were distributed to EPIC

users. The use of the Center has increased dramatically during this

period, Z861 requests were received by the Center, an increase of

65 percent over a similar 1966-67 period, and over 1000 individual

scientists and engineers currently avail themselves of the Center's

services on a regular basis, an increase of 73 percent since January

1968. The EPIC publicity and sales programs, aggressively pursued

during this period, and the Center's future plans are reviewed in this

report.
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SECTION I

fI INTRODUCTION

The Electronic Properties Information Center (EPIC) 1s a

designated Information Analysis Center of the Department of Defense

authorized to provide information to the entire DoD community. The

Center was established in 1961 at Hughes Aircraft Company, Culver

City, California. It is operated under contract with the Air Force

Materials Laboratory, Wright-Patterson Air Force Base, Ohio.

Within Hughes Aircraft Company, the Center is located in the

Research and Development Division of the Aerospace Group. The

Center thus is able to draw on significant laboratory research and

development capabilities. In addition, since the Center is administered

and operated at the section level in the Components and Materials

Laboratory, strong support is obtained from Hughes scientists and

engineers working in the field of materials development.

The purpose of the Electronic Properties Information Center is

to provide a highly competent source of information and data on the

electronic, optical and magnetic properties of materials of value to

the Department of Defense. Its major function is to evaluate, compile

and publish the experimental data from the world's unclassified litera-

ture concerned with the properties of materials. All materials relevant

to the field of electronics are within the scope of EPIC: insulators,

semiconductors, metals, superconductors, ferrites, ferroelectrics,

ferromagnetics, electroluminescents, thermionic emitters and optical

materials. The Center's scope includes information on over 100 basic

properties of materials; information generally regarded as being in the

area of devices and/or circuitry is excluded.

The Center provides a technical answering service in which the

technical staff responds to inquiries ranging in complexity from simple

3 requests for data point values to requests for comprehensive reviews

of the literature. This service is available to U.S. Government agencies,

PRECEDING VAgE B'LANK



their contractors, subcontractors, suppliers, and those in a position

to support the defense effort. Inquiries may be directed to:

Electronic Properties Information Center
Hughes Aircraft Company

- Bldg. 6: E- 148
Centinela & Teale Streets
Culver City, California 90230
Telephone: ("13) 391-0711 Ext. 6596
TWX: (213) 871-52 10

The EPIC Bulletin, published quarterly, announces new publica-

tions and current activities of the Center. Userts may request receipt

of the Bulletin on a regular basis.

This Annual Report covers work performed by the Electronic

Properties Information Center from February 1, 1968 through

February 28, 1970.

I



SECTION II

EPIC PUBLICATIONS

The Electronic Properties Information Center has developed

seven publication types whose content and format are as varied as the

needs of EPIC users (Table I). The preparation of each requires var)

ing degrees of technical evaluation, each contains varying amounts of

information outside the scope of the EPIC document files, that is,

information in addition to the basic electronic and optical properties

of materials.

The "Data Table" publication type represents a completely new

EPIC format. This was developed in 1969 atter the brief EPIC Interirn

Report. Silicon Carbide Data Table and Supplementary Bibliography

(IR-62. August 1969), was so well received by participants of the 2nd

International Conference on Silicon Carbide (held in May 1968 at

Pennsylvania State University), that it was included in the Conference

proceedings. In 1969, the Data Table format was applied to the II-VI

and IV-VI semiconducting compounds; tCie most reliable data point

values for every property, physical, mechanical, crystallographic,

electronic, optical, magnetic and thermal, were presented for each

compound. Of particular value to users of the Tables, is the fact that,

unlike the usual tabular data presentations found in review articles an

t,,xtbooks, each data point value is accompanied by a complete biblio--

graphic reference to the primary source of the data.

During this 25-month reporting period, the Center prepared and

distributed to its users 38 publications. Table II illustrates that the

preparation of these works have more than satisfied the requirements

the EPIC contract. Data collection was started for a Survey Report,

Silicon Nitride for Microelectronic Applications using royalty funds

derived from the EPIC Sales Program (See Section VI).

As shown in Table III. the content of these works may be describ, d

in terms of five major materials technology areas of interest to the Do

Two of the five areas, optical materials and microelectronic materials.
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Table II. Type and Number of Publications

J Number of Publications
Publication

Type
Contractual Requirement Actually Released

Data Sheets 1000 (pages) 1128

Survey 2 2
Reports

Data Tables 2 2

Glossaries 1

BiObiographies 4 4

Interim 10 10
Reports

fBibliographic 0 12
Supplements
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represent areas of increased scope for the Center during this reporting

period. Expansion of the EPIC scope into the optical materials area

was specifically called for in the EPIC contract; expansion into the

area of microelectronics was a natural consequence of increased user

interest in this rapidly evolving technology.

Expanded optical materials coverage hy the Center in 1968-69

emphasized the acquisition of documents dealing with infrared trans-

mitting materials, electro- and magneto-optic materials, and solid-
state laser materials, including semiconductors and doped glasses and

crystals. To accommodate this expansion, the Center increased the

number of optical property descriptors used in indexing (see Section IV).

The Glossary of Optical Properties (S-10), published in February 1969,

carefully defined these new descriptors and, at the same time, defined,

in a more comprehensive manner, the optical property descriptors

included in the Center's earlier Glossary of Electronic Properties

(S-7, January 1965). Two major publications on optical materials,

Refractive Index of Optical Materials in the Infrared Region (DS-166,

January 1970) and Linear Electrooptic Modulator Materials (S-14,
January 1970), further established EPIC as a center of excellence in

optical materials technology.

The entrance of EPIC into microelectronics technology began

early in the contract period in February 1968 with the publication of

two Interim Reports on thick film conductor and resistor functional

inks and pastes (IR-60 and 61). These reports, which have proved to
be extremely popular, satisfy a definite need in an area where no text-

book yet exists by detailing the composition and properties of all avail-

able thick film inks and pastes. However, the most significant

contribution by the Center to microelectronics technology is repre-

sented by r':pitaxial Silicon & Gallium Arsenide Thin Films on Insulating

Ceramic Substrates (S-9, August 1968). This comprehensive Survey
Report presented for the first time a master flow chart identifying

each variable of the film/substrate preparation and resultant device

fabrication processes. A series of charts clearly identified to what

9



extent each variable has been investigated for each Si- and GaAs-ceramic

substrate combination. This type of data presentation resulted in a true

state-of-the-art overview of the technology with gaps in the current

knowledge being clearly evident.

Semiconductor materials continued to be of prime interest to

EPIC during this contract period. For the first time, the Center pre-

pared major publications on broad classes of semiconducting compounds.

In addition to the Data Table publications on the II-VI and IV-VI com-

pounds described above, the highly annotated Bibliography of III-V

Semiconducting Films (S-13, December 1969) cove red an entire class

of important binary compounds, and detailed all available literature on

the properties and preparation techniques of these important thin film

materials. Since silicon continues to dominate the field of semiconductor

device technology, a complete revision of an earlier EPIC publication

on this material (DS-137, May 1964) was undertaken. The resultant

major work, Silicon (DS-162, October 1969), covered all electronic

and optical properties of the material and, for the first time in an

EPIC publication, included solubility and diffusion data. An additional

major semiconductor publication prepared during this period was

Lead Telluride-Tin Telluride (DS-164, January 1970). The interest in

this material centers around its potential as a photovoltaic detector.

Both Silicon and Lead Telluride-Tin Telluride contain a Data Table

reviewing key data point values for the physical, mechanical, electronic,

optical and thermal properties of the materials. Of course, additional

semiconductor materials continue to be of major importance to the

electronics community (e.g., Ge, GaAs, InSb, etc.). The Center, due

to time and cffort limitations during this contract, was unable to revise

earlier EPIC publications on these materials. However, as a current

awareness service, several Bibliographic Supplenment publications on

these and other semiconductor materials were made available to EPIC

users.

As indicated in Table III, the Ce.nter devoted more effort to

ceramics during 1968-601 than to any ,•tht.r class of materials except

10C
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semiconductors. l-PIC publications in this area emphasized specific

electronic and optical applications of ceramic materials. Ceramics

used in microelectronics technology as capacitors, substrates and

passivating dielectric materials were emphasized in two EPIC Survey

Reports, S-9 and S-15, and the Interim Report Thin Film Dielectrics

for Microelectronics (IR-63, .July 1968). The ceramics, quartz,

alumina and the Irtran family of materials, were treated as optical

materials in Refractive Index of Optical Materials in the Infrared

Region (I)S- 166, January 1'970). A particularly useful publication on

ceramic and insulator materials was Dielectric Constants of Rubbers,

Plastics and Ceramics - A Design Guide (IR-67, May 1969). The pur-

pose of this work is to enable engincers and designers to readily select

a common material with a desired dielectric constant; the range of

dielectric constants for over 180 miaterials is presented in bar graph

form, arranged by ascending \'alue of dielectric constant. The Center's

coverage of ceramics is best represented by Magnesium Oxide (DS-163,

October 1969), a comprehensive review of the electronic and optical

properties of this important ceramic material, emphasizing its dielec-

tric properties and ,.nrgy band structure.

In the area of superconductors, thie release ,of Niobium -Tin (Part

1I, l)S-160, July 1968) and Niobium-Titanium .. ata Table and Supple-

mentary Bibliography (D)S-148(SI), October 1968) completed a series

of EPIC publications on superconductor materials presently in use for

high field magnet applications. Current interest in superconductivity

centers around thin film research in the continued search for higher

transition temperatures and for the purpose of studying the basic nature

of film properties. The Center responded to this current emphasis in

superconducting materials research by preparing Superconducting Thin

Films of the Group II III Elements (1)S-165, February 1970).

11



SECTION III

USE OF EPIC

The use of the Electronic Properties Information Center by the

scientific community has increased substantially (luring this 1968-69

reporting period. Compared with a similar period in 1966-67, 1the

Center has experienced

* A 6S percent increase in the number of requests from the

scientific community,

0 A 20 percent increase in the number of organizations

submitting requests,

0 A 71 percent increase in the number of individuals receiving

EPIC publications on a regular basis,

* A 50 percent increase in the number of EPIC publications

distributed.

These impressive statistics describing increases in requests, users

and publications distributed are detailed in the following sections.

1.1Hughes Aircraft Company. The Electronic Properties
Information Center (EPIC). February 1966 through J;anuary 1968.
By S. J. Welles. Tech. Rept. AFML-TR-68-3i. March 1968.

Note: Previous EPIC contracts of 12 or 24 months duration have
run from February 1 to January il. Thus, for example, "1966",
for the purpose of this final report, will refer to the period
February I, 1966 to January I1, 1967. IH!owever, the current
reporting period of 25 months runs from February 1, 1968 to
February 28, 1970. For the purpose of comparing this period with
previous EPIC contracts, "1968" will refer to the period February 1,
1968 to January i1, 1969, and ''1969'' will refer to the I -month
period February 1, 1969 to February 28, 1970.

PRECEDING PAGE BLANK



1. REQUESTS

The Electronic Properties Information Center received 2861

requests from the scientific community during 1968-69, representing

a 65 percent increase over the number received during a similar

period in 1966-67. As indicated in Table IV, these requests may be

divided into three types:

0 General Information Requests include all inquiries of a

non-technical nature, such as requests for introductory

information describing EPIC services and publications and

requests for the two EPIC Glossaries defining the electronic

and optical property indexing terms used by the Center.

* Publications Requests include requests for EPIC Data

Sheets, Survey Reports, Data 'rabies, Bibliographies,

Interim Reports and Bibliographic Supplements.

* Data and Information Analysis Requests include all inquiries

requiring data analysis or literature search by a member of

the technical staff; answers to these inquiries may appear

as specific data, bibliographies, either manually prepared

or computer-generated, or general advice and information

similar to that provided by a technical consultant.

Table TV. Distribution of Requests by Request Type

Requests

Request Type 1966-67 1968-69

No. No.

General Information 273 16.0 367 12.8

Publications 1026 60.0 1824 6 1. 8

Data and Information 411 24.0 670 23.4
Analysis

Totals 1710 100.0 2861 100.0

14
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Replying to Data and Information Analysis Requests is the most

valuable service the Center provides. The manner in which the EPIC

information retrieval system is fully utilized in responding to these

requests is depicted in Figure 8. Table IV shows that the volume of

these requests has kept pace with the increase in total requests. The

historical summary of all requests received by the Center since its

inception, shown in Figure 1, further illustrates the magnitude of

these increases.

•The majority (69 percent) of the 670 Data and Information Analy-

sis Requests received in 1968-69 each required less than two hours of

technical staff effort to answer (Figure 2). This sittution is extremely

desirable; it indicates that the EPIC retrieval system and the EPIC

technical staff are well prepared to meet the electronic and optical

property data requirements of the Center's users.

When it is determined that a technical inquiry is of broad inter-

est to users other than the original requestor, the Center often pre-

parres a brief publication (Interim Report) containing pertinent data

and bibliographic information in answer to the inquiry. These Interim

Report publications were listed in Table III.

2. USERS

'Ihe number of i ndiviLuaIs making use of the services of the

Electronic Properties Information Center has increased dramatically

during 1968-69. The most relevant measure of the number of current

users of the Center is the size of the distribution list for the EPIC

Bulletin, the (X, nter's quarterly newsletter (see Section V - Publicity

Program). Since individuals on this list have specifically requested

receipt of the Bulletin, the Bulletin distribution represents only those

users who have expressecd a continue(d interest in the services and

technical publications offered by the Center. Over 1000 engineers

and scientists thrroughout th( country now receive the Bulletin on this

basis, an increase of 71 percent since January 1968 (Figure i).

I
I

I
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Figure 1. Requests received by EPIC since 1962.
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Figure 2. Technical effort distribution
of 670 data and information

analysis requests.

Table V indicates the distribution by user type of the 2861

requests received by the Center during 1968-69, as compared to the

1966-67 period. Of these 2861 requests, 2424 (or 85 percent)

originate from 479 industrial organizations and 91 educational and

research institutions. This total of 570 organizations represents a

20 percent increasie over the 1966-67 period.

Figure 4 illustrates that 288 of these 570 user organizations

(or 50 percent) submitted only one request during 1968-69 and thus

accounted for 12 percent of the 2424 requests; 17 organizations

(or 3 percent) submitted more than 20 requests and accounted for a

total of 871 requests out of 2424 (or 16 percent). These 17 major

17
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Figure 3. Number of individuals receiving each
issue of the EPIC Bulletin.

users of the Center, along with three Government installations also

submitting more than 20 requests, are listed in Table VI. All indus-

trial organizations and educational and research institutions submitting

three or more requests during 1968-69 are listed in Appendix I.

The geographic distribution of these 2424 requests and of the

570 organizations submitting them is detailed in Table VII and

Figure 5. For convenience in compiling these statistics, when an

organization had divisions from more than one state submitting

requests, the location of the organization was determined by the

location of the division submitting the most requests. One state,

California, accounted for 16 percent of the requests and for 21 per-

cent of the organizations, while the five highly-industrialized states,

California, Massachusetts, New Jersey, New York and Pennsylvania,

accounted for 68 percent of the requests and for 58 percent of the

organizations.
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Table V. Distribution of Requests by User Type

Requests

User Type 1966-67 1968-69

No. % No. %

Industrial 1146 67.0 2000 69.9

University and 244 14. 3 424 14.8
Research
Institution

Government 256 15.0 342 1. 0

Air Force 120 7.0 107 1.8

Navy 28 1.6 58 2.0

Army 41 2.4 55 1. ?

NASA i1 1.8 51 1.8

AEC 2 0. 1 29 1.0

NBS 18 1. 1 20 0.7

Other 16 1.0 22 0.8

Foreign 64 1. 7 95 3.3

'Totals 1710 100.0 2861 100.0

As shown in Table V, 1?. percent of the inquiries submitted to

the Center in 1968-69 originated from Government agencies. However,

since all industrial and educational organizations submitting inquiries

are Government contractors, subcontractors or suppliers, these non-

Government requestors must be considered in order to fully evaluate

EPIC support of Government agencies. During 1968, the Center

collected statistics concerning particular Government agency support

involved in requests from these organizations. The percentage dis-

tribution by Government agency of these inquiries is shown in

19
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Figure 4. Distribution of 570 organizations by number of requests.

Table VI. U:jcrs Submitting More Than 20 Requests

Aerojet-General Corp.
Bell Telephone Laboratories, Inc.
E. I. DuPont de Nemours & Co. , Inc.

General Electric Co.
Honeywell, Inc.
Hughes Aircraft Co.
International Business Machines Corp.

Massachusetts Institute of Technology
McDonnell Douglas Corp.
North American Rockwell Corp.
Northrop Corp.
Oak Ridge National Laboratory
Radio Corporation of America
Rayth(eon
Stanford University
TRW, Inc.
University of California
U.S. Aitr Force - Wright-Patterson Air Force Base
U.S. Ar my - Ellectronic Conrmnand, Ft. Monmrouth
We.'tingho`Ie e Electri(c Corp.

20
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Table VII. Distribution by Geographic Region of Requests
and User Orgam ?ation-s

RtF -st Ognizatio)ns

Geographic Region (Statee-) jio, t%
.0. No,

Pacific (AK, CA, HI, OR, WA) 920 18. 0 142 24. 9

Mildic Atlantic (NJ, NNY, PA) 571 21.6 152 26. 7

New England 506 12.6 85 14.9
(CT, MA, ME, Nil, RZI, Ev)

Eait North Central 270 11. 1 88 15. 5
(IL, IN, MI, oil, WI)

South Attantic 109 4.5 7 .
(DC, DE, FL, GA, MD, NC, SC,
VA, WV)

We.st North Central 91 i. 8 z0 .5

(IA, KS, MM, MO, NB, NI), SI))

West South Ccntral 1. 0 2 3 4 0
(AR, LA, OK, 'IX)

Mounti in 69 2.6 15 2.9

(AZ, CO. ID, MT, NM, NV, UT,

WY)

Fta st South Ccntral 15 0.6 S 1.4
(AL, KY, MS, TN)

Toa t -42- 100. 0 570 100. 0

21
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Table VIII, yielding the total (direct and indirect) Government agency

support by the Center.

During 1968-69, 95 requests, all for EPIC publications, were

received by the Center from foreign souirces (Table V). Eleven of

these requests were submitted during 1968 and 84 during 1969. The

significant incrcase in foreign requests during the latter part of the

contract period was due to he increased distribution of EPIC publica -

tions (luring 1969 (soe Figure 6). In addition, all publicationý distrib-

uted wer-, approved for public release, resulting in in-reased foreign

acces-s to the Center. A further and dramatic increase in foreign use

0' EPIC publications is expected once the Center begins to market its

pablications commercially (see Section VI - Sales Program).

"Table VIII. Government Agencies Supported by Inquiries

Air NASA Navy Arnin AEC NBS Other Total
Force

1)ircct 107 51 58 55 29 20 22 342
Inq i rics

Indirect i042 558 2,42 242 2 18 149 74 2424
Inqui ric s::(

(Pe rcelit) (45) (23) (10) (10) (9) (2) (100)
c ve - -I 1-

1Total I 49 609) 00 297 247 60 95 2766

mre nt

Atg e i jc y
: 5upport

Inquiries

Percent 42 22 11 11 9 2 5 100

ir s Ir,)m iidustri,il, cdkicatijnal and re.earch urganizationn
identified with specific Government avency support.
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i. PUBLICATIONS

During 1968-69, nearly 15, 000 EPIC publications were

distrihuted by the Center to the scientific community (Figure 6). This

represents an increase of 50 percent over the 1966-67 period, and does

not incitde publications distributed by the Defense Documentation

Center(DDC). A large part of the EPIC distribution was issued auto-

matically to approximately half of the users on the EPIC Bulletin

distribution list (see Figure 3) who have requested receipt of all EPIC

publications upon their release. The 17 Data Sheets, Survey Reports,

Data 'rabies, Bibliographies and the Glossary listed in Table III

received an initial distribution in this manner. Further distribution

of thes. works was made upon request. Interim Reports and Supple-

mentary Bibliographies are available only from EPIC upon request;

the denand for Interim Reports, as illustrated in Figure 7, attests

to their continued value to users of the Center.
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SECTION IV

EPIC INFORMATION RETRIEVAL SYSTEM

The Electronic Properties Information Center operates a

retrieval system based upon detailed indexing, using a controlled

vocabulary, coupled with document retrieval by computer (GE-635)

and by manual card files. A flow diagram summarizing this system

is depicted in Figure 8. During this reporting period, the EPIC index-

ing system has been expanded and completely revised in accordance

with the Center's expanded scope in the optical properties of materials

area, and the format of the EPIC magnetic tape files has been revised

and improved to accommodate these changes. The resulting retrieval

system is more responsive than ever before to the data and informa-

tion requirements of the Center's users.

1. LITERATURE SEARCH AND ACQUISITION

The Electronic Properties Information Center has continued its

aggressive program of searching and acquiring world literature con-

cerned with the electronic, optical and magnetic properties of

materials. An overview of the sources of information utilized by

the Center is presented in Figure 9.

During this reporting period, the Center has selectively

acquired 10, 000 documents, bringing EPIC holdings to 42, 000. As

in the past, these documents were obtained with a ratio of search to

acquisition of 10 to 1; over 100, 000 documents were reviewed for

inclusion in the EPIC files in order to obtain 10, 000 that contained

pertinent electronic, optical or magnetic property data on materials

;of current interest to the DoD. These documents were obtained

primarily from the technical journal literature, by searching over

100 journals on a month-to-month basis, and from the Government

report literature, primarily by ensuring that the Center received

contractor report. on all pertinent programs as they were issued.

29
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Figure' 8. EPIC information retrieval system.
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2. EXPANSION IN SCOPE AND INDEXING SYSTEM

During 1968-69, the Electronic Properties Information Center

increased its coverage of optical materials which exhibit useful or

practical optical properties in the wavelength range from the vacuum

ultraviolet through the far infrared (0.01 to 100 microns). Of primary

concern has been an emphasis on solid-state laser materials, includ-

ing doped glass, doped crystals, and semiconductor lasers, infrared

transmitting materials and practical electro-optic arnd magneto-optic

materials used in optical display devices, optical modulators, optical

memory units and tunable lasers.

To accommodate this increased emphasis on the optical

properties of materials, it was necessary to expand and revise the

EPIC materials-properties indexing system in order that optical

information could be readily retrioved. The actual form presently

used to index documents, shown in Figure 10, illustrates the current

EPIC indexing structure. Approximately two thirds of the 10, 000

documents entered into the EPIC files during this period were

indexed under this new system.

As in the past, the materials indexing structure remained open-

ended during 196,4-69, allowing for the addition of as r'any descriptors

as was necessary. In particular, the alkali halides h:twv been added

to the materials scope of the Center because of their use as infrared

transmitting materials. Approximately 7000 materials descriptors

currently make tip this part of the indexing system. The original

properties indexing structure consisted of 58 indexing terms including

only three optical properties descriptors: ABSORPTION, REFLECTION

COEFFICIENT and REFRACTIVE INDEX. Twenty two new optical

property descriptors were added to this system d(uring 1968-69.

All property descriptors were carefully defined in the Glossary of

Optical Properties (S-10, Fvbritiry 1969).



MATERIAL Material Material

Modifier rorm

MATERIAL CODE 0 ACCESSION 0

TILEHIP111I O1O GENERAL TEHPw

015 CRYSTALLOGRAPHY 350 IRRADIATION PROPERTIES
016 PHASE DIAGRAMS 351 NEUTRON
017 COEFrICIENT or EXPANSION 352 ELECTRON AND PROTON
018 ELASTIC CONSTANTS 353 GAMMA
020 ABSORPTION 354 UV

X RANGE * Ct It t 360 LASER PROPERTIES
021 EXT. COEFF. 361 LASEP WAVELENGTH

A RANGE + * Ct . 370 LIFETIME, RECOMBINATION
022 TRANSM. 380 LOSS FACTOR

SRANGE + . .E + . 390 MAGNETIC HYSTERESIS
030 ARC RESISTANt - - 39N MAGNETIC LO'9S
040 BRILLOUIN EFFECT 396 MAGNETIC MOMENT
041 BRILLOUIN EFFECT, STIMULATED 397 MAGNETIZATION
050 CARRIER DIFFUSIO:; 400 MAGNETIC SUSCEPTIBILITY
060 CORONA EFFECTS 410 MAGNETOELECTRIC PROPERTIES
080 CROSS SECTIONS 420 MAGNETOMECHANICAL PROPERTIES
090 CURIE CONSTANT 421 MAGNETIC ANISOTROPY
100 CURIE TEMPERATURE 422 MAGNETOSTRICTION
110 DEBYE TEMPERATURE 430 MAGNETO-OPTIC PROPERTIES
120 DIELECTRIC CONSTANT 431 COTTON-MOUTON EFIE'CT
130 DIELECTRIC STRENGTII 432 FARADAY EuFF.CT
140 DISSIPATION IArTOR 433 KERR MAGNETO-OPTIC EFFECT
150 DOMAIN STRUCTURE 440 MICROWAVE EMIS!SION
160 EFFECTIVE MASS 450 MOBILITY
170 ELECTRICAL HYSTERESIS 451 GUNN EFFECT
180 ELEC. RESIS. 455 NONLINEAR OPTICAL EFFECT5

T RANGE + . LE#t • E+ 4t60 PENETRATION DEPTII
181 TEMP. COEI'T7 .- "RE-TTIV"TT7 -- 465 PHOTOELASTIC ErFECTh

185 I-V CHARACTERIrTICS 470 PHOTO:, .CTRONIC PROPERTIES
186 sURFACE CONDUCTIVITY 400 PHOTON ELECTROLUMINESCENCE
190 ELECTROACOUSTIC PROPERTIES 490 PHOTON EMISSIVITY
195 ACOUSTIC ATTENUATION 500 PHOTON LUMINESCENCE
196 PHONON SPECTRA 50s LIFETIME, LUMINESCENCE
200 ELECTROMECHANICAL PROPERTIES 503 QUANTUM EFFICIENCY
210 ELECTRON FIELD EMISSION 510 PHOTON MCCII. LUMINESCENCE
220 ELECTRON PHOTOEMISSION 520 PHOTON THERMOLUMINESCENCE
230 ELECTRON SECONDARY EMISSION 530 PIEZOELECTRIC PRCPERTIEr
240 ELECTRON THERMIONIr EMISSION 540 POLARIZATIOw PRuPERTIES
250 ELECTRONIC SPECIFIC HIEAT 550 POWER FACTOR
260 ELECTRO-OPTIC EFFECT 560 RAMAN EFFECT
261 KERR cFiECT 561 RAMAN EFFECT, STIMULATED
262 POCVELS EFFECT 570 REFL. COErF.
270 ENERGY BAND STRUCTURI A RANGE * . I+ . Ft
271 DEFORMATION POTENTIAL WNU REfR. INDEX
272 DENSITY or STATES; x RANGE c , C + _._i+
280 ENERGY GAP 581 ImrEFRINGENCE -
230 ENERGY LEVELS 590 RICHARDPSON'S CONSTANT
300 FLUX CIIARArTEIISTICZ 600 SCATTERINr.
310 GYROMAGNETIC IROI8EkTI';. 610 SUPERCOND. TRANS. TEMP.
311 K-tactor b6O THERMAL CONDUCTIVITY
315 ELIM 630 THERMOELECTRIC PROPERTIES.
316 ESR (40 TIIERMOMAGNETIC PROPERTIES
317 MAGNETIC RE)UNANCI fSO THRESHOLD FIEID
318 SPIN-LATTICE RELAXATIoN WN,1 TRANSPORT PROP. (CRITICAL CURRENT)
320 HALL COEFFICIENT 6,10 TUNNELING CHARACTERISTICS
340 INSULATION RESISTANCL 6(70 WORn rUNCTION

Figur. 10. Indexing form.
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In the process of sirn.pl,I expanding the number of property

descriptors, the entire indexing structure was revised and expanded.

The following changes were made beyond that necessary for the

Center's expanded optical coverage:

a In addition to the 22 new property descriptors, 26 new

descriptors were added as a result of the division of several

original descriptors to obtain greater specificity (e. g.

TEMPERATURE COEFFICIENT OF RESISTIVITY was

added to ELECTRICAL RESISTIVITY).

* The experimental parameters, temperature (T), electric

field (E), magnetic field (H), pressure (P) and wavelength

(W), were added to each property descriptor, in particular,

to allow for thc indexing and retrieval of important electro-

and magncto-opthc phenomena (e.g., ABSORPTION t- E1

electro -absorption).

* The specific range of the wavelength parameter was added

to five of the optical property descriptors and the range of

the temperature parameter was added to the ELECTRICAL

RESISTIVITY descriptor; this allows for the rapid retrieval

of documents concerned with the optical properties of speci-

fied materials at a given wavelength and the electrical

resistivity of specified materials at a given tcmperature.

* In order to retrieve information on doped glass and crystal

laser materials, a modifier was added to the material

descriptors to indicate the type and valence of the dopant.

* An additional material modifier was added to describe the

material form (e.g. , thin film, liquid, junction, composite,

etc. ).

These additions to the indexing structure have given the Center a

retricvai capability which is much improved over the simplified

materials-58 properties system in existence at the beginning of this

reporting period.

14



!

I. DATA PROCESSING

The present format for each of the three EPIC magnetic tape file&

is shown in Figure 11. During this reporting period, modifications

were made in two EPIC data processing programs: the retrieval pro-

gram and the program which produced the index file. The modification

of the index file program has resulted in a more efficient and economi-

cal quarterlv update of this file and has provided an opportunity for

change in the retrieval program. This latter program change has

given EPIC a linear file capability without an actual linear file struc-

ture. Both of these program modifications were completed and oper-

ational in July 1969. The bibliography file was not altered during this

contract period and the name file was generated as part of the change

in, the index file.

The change in the index file was two-fold. First, the material

descriptors which were once a part of the index file became a major

part of the name file. In addition, the property descriptors which

were once an internal dictionary in all programs associated with the

index file are now an internal dictionary in the index file print program

only. Whereas the material and property descriptors were once car-

ried in all operations with the index file, the name file is now used

only in the annial printing of the index file. This change in itself has

resulted in a more efficient and a more economical quarterly update

of the index file and has allowed the linear file capability in the

retrieval prograrr, which will be discussed below.

The second of the changes in the index file was the addition of

RC% property descriptors, material and property modifiers as well

am property raiges discussed above in Section IV-2. Each of these

addi'aonal descriptors is being used successfully by EPIC for both

indexing, and answcring requests for information.

----------------------
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A. Bibliography File

1. Five digit accession number.
2. Alphabetic code to denote bibliography or abstract.
3. "Two digit line number.
4. Text of bibliography or abstract. Two cards go together to

form one line of the text; therefore a maximum of 94 charac-
ters is possible in each record.

B. Name File

1. Six digit material code.
2. Flag code if field three is occupied.
3. Four digit material modifier code.
4. Sequence code.
5. Material name. Two cards go together to form one material

name; therefore a maximum of 94 characters is possible in
each record.

C. index File

1. Six digit material code.
2. Flag code if field three is occupied.
3. Four digit material modifier code.
4. Flag code if field five is occupied.

5. Two digit alphabetic code as a second material modifier.
6. Three digit property code.
7. Flag code 'f field eight is occupied

8. Single character alphabetic code as a property modifier.
9. Five digit accession number

10. Flag code if fields 11 and 12 are occupied.
11. Lower limit of a property modifier ran.ge of values.
12. Upper limit of a property modifier range of values.

Figure 11. EPIC file formats.
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Aside frow the increased capability afforded EPIC by the

expanded indexing system and the cwhanghes in the index file. progral ,
the nmost important data processing mo1dification in the EPIC System

during thi.-d contract pcriod wwat the change in the retrieval program.T c
This change wa!ý also two-fold in nature. FiLrst the retrieval operation •

itself -was changed from two, single-step operatio'ns to one, two-step

operation. Ibis p:Jrt6culand chavc gave the Center a linear file

capability without a linear fite format. It had been th~e Center's

original intenit to physically combine the index and bibliography files

into a single linear file to fcpilitaty the retrieval progess, tlowevcr,

many problems wowre inherent in this plan and it was found that the

linear searc-! (apability, which was the desirable goal, could be

obtained with the chaingeý; in the retrieval program.. These change-s

were effected b., July 1969 an(] have been used by the Ce'nter since

then. In addition to the linear file capability, the retrieval program

wvas mcodified to illow the uae5 of GE-6 ý5 remote tei minal processýing.

Both of these changes in the retrieval program have enabled EPIC to

aný\ý,r requests f:r information nmore efficiently an(l more econom -

icilly than i ;;n\ other period in the history of the C( ntvr.

4. EPIC INDEX

At the end of this contract period (February 1970), the Center

delivered to he Air Force ten copies in microfiche form of the entire

iidex and bibliography files representing all 42, 000 documents in the

EPIC files. The nature of the EPIC system with its separate index and

bibliography files enabled the delivery of these complete indexes with-

out any file manipulation, beyond the regular quarterly update. The

EPIC miagnetic tape files maintain a linear search capability and need

no sort routines whatsoe'er to provide the indexes for manual use of

the systeni.

The entire EPIC fi'es were delivered in hard copy to the Air Force

in January 1 )67 and supp ements in microfiche form were delivered in

January 1968 and 1969. C ad the 1970 indexes been delivered as an

additional supplement, Air Force personnel would have had to perform
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four searches using one hard copy and three sets of microfiche to

obtain the infor mat ion deusired. For this reason, tile complete index

to accession number .2, 000 in both the Material-Property Index and the

Bibliogritph) oUt loiding s va pi[cpared imnc dlivered .n Fcbruory 1970.

Each topy of thesc indcxc's was- deLve rcd in "Viz-A--Fiche" pages in

a one-inch loose leaf binder. The Center's experience in using micro-

fiche for thv N9()8 and 1Pit-- -11OV-pCe nc ts howed thait a s.oi ta blU method

of holding the fiche w n IW(edCd. The "Viz-A- FiLthe" pa:,w have mct

this need better than wiv uther pr (i- I ,t vav ia bit' at tnCe til e tile lId cxc.-;

were d,.i',-rcd.

There are three new cha -acterlsics of the Mater',a i -Propcrty

index. -ir!,t, the accesion um!ers- nd"cr eac}h des-' li)toi are tOVw

printed sequenti,1k ,acrt e ei-, c I a(),c, iribteal of being odcIeIei b\ termpi-

no I digit. This printing mode asfirst used in the 1 969 s'auppierient

and was found to be satisftat tory; the.refore, it has been used for

printing, the enir-c inde\x filt,. Secondie , thc nmatterial modifier "F':

is n\w found with} some o: the iccee-sion numnbbers. Tlisi, is thet Ilrat

p)rinting of the materiaI llociti, (ltsCripto!- r ,lu t in 0 111oI tit.

expanded indexing ,nd i ni d6 a tcas that the docunlcnt reprcented by the

accession number contains data on thec t in fil1 for1m of the, n1;ttcrLi:'.

Since only two•-thirds of the lat 10, 000 doctkments (or ;ippr)x)\rmatcltv

15 percent of titc entir e file) has bL'e.e1 mndcxed ,ndcr the expainded

system (see s tectionl l%1 -2). othe-r r-a0tri-. m.d;i. - tc pro ui Ct'

mod ifiert- and the pt'opcitý ni edj her rangte-of-valIe>- were not printcd

at this time. Finally, as an a (iditi )on ;I result of thec expandied indexing

Isystem, sorne property dc.-c rit.rs a rt indented to I cnotct that tilh.

property rcsulted from th,' dlxi ,ion of the.' n'o-inade:nteLd j10.l))rtt

descriptor whit h pr-c• cde, it.

3L



I

SECTION V

P~bLICI'I Y PR•OGR'AM

"1hc Elcctronic Propertics inlorzi ation Center continued an

aggressive publicity program throughout the 1968-69 period. ]he basic

content of the program was to contact individual scientists and cnginlcrs

within the clectronics conmmunity, introduce thcin to the services and

technical products of the Center, and, if they expressed a definite inter-

e st, place tthew on distribution for the EPIC Bulletin. The Bulletin

was issued quarterly throughout 19b8-69 and announced the current

activities of the Center and thC availability of the EPIC publications

reieased during this period. In addition to the Bulletin, the EPIC

Brochure, describing the Center and listing all available EPIC publica-

tions, was used to publicize the Center. "ihe success of the publicity

program is shown in Figurc 3; a 73 percent increase was realized

during this period in the nui•bcr of individuals receiving the EPIC

Bulletin on a regular basis.

Of cour-se, the succe s of this pr og ram deptended upon personal

contact with indi\iduals at the engineering level in a large nunmbUr of

organizations th'roughout the country cngaged in electronics research

and development. Sveral mlethods we_,rc em-ployed to accomplish this:

T Tcchnical Conferences. Tlhe EPIC staff attended nineteen

tcchrrz ýA ,iculings, conferences and syinposia during

19O8-66) (Appendix I1). "lhe location of the Center in the

Los Angeles area is an ideal situation; the EPIC technical

staff is able to attend a large number of local meetings

pertaining to elcctronics with a Iminimum cost to the ".ir

kForce. In all cases, descriptivc EPIC literature was dis-

tributed to as iuan•n ttcndees as passible and, in turn,

pertinent informnation and data were collected for the EPIC

files. In sonic cascs, the Center was on the rivcting agenda

and in oral presentation describing the s..rice, of thc Ccntcr

.'as possible; in others, thk (XCntcr took part in conmmnittee

Imie'etinlgs p, rLirent to t lcitronic, matcrials and properties.

;9
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When such direct participation was not practical, EPIC

technical puolications pertinent to the sublject of the n ceting

Swe re distributud to attendees. Several nectin ctig B wc r

;ittended primiarily by library and inforriation ccntcr person-

nel who are in a position to publiciv( EPiC to thLeir Clientilc.

* Trade Journal Advertiscnments. Brief notices announcing

the availability of EPIC Interim icjports ,vk-ru placed in t0%

"new literature'; suction of two trade journals; IR-60 and 61,

on thick film inks and pastes for microelectronics applica-

tions; and I1 t-07, , dielectric constant dcsign Luidct, were

announced, respectivCly, in the Noveinvbcr 1 Y68 issue of

Researu,"l/ eiopmnt liaigain-tc aIld in thi Octobr 1 ))o9

issue of Insulation nagal'in,. Ovr o00 requcsts for thesc

publications have been rec, ived through these lna-i tines.

The EPIC response to these requests has included a copy ot

the EPIC I3rochurc, copies ot the' latest EPIC Bulletin.S and

a form lettcr describing the lull stervic.evs ol til Ct-nter.

Approx iiiatciy 20 percent of th•ese rlsl)onses L.e becen

followed by ;ur'iht r inluirie(s fr t;he'se new nCse'r!krs of heit

Centcr, p)ro'VIng thil success of th1is public ity approach.

0 l)cscriplivc Literature Nlilings. Pcriodic Ini'lilings of

lterat.ilieCsrtiig the Center were ililC to lndlcidn al I

engineers and scientists nmost likelv Io hnavc interests in

el'ctronU C- aterials. Maili,'' lists wecre, dCevelope0d from.

rosters 0o pt rtLinnllt technical conlerencs and tl.iivL-rsitt

Snio0t % sourf.cs DocuIi nt s .ntered into thc -PIC P l, is

wecre utli-'cd as an additiona-,l ind unique source ol nainc ,s

tlad a(dd r ,'4s 's wi pot'ntitl users of the Center; by dt. fillition,

the prifl:5i0nhl intcrcsts of the authors !ll witi tillt scope

o0 tUe. L ntI-r.
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* ITechnical Articl ,,I As an additional pibblicity U:ffort, th L

Ccntcr has prcparcd a ticchnical po'pcr d,,cribinit!., !-( opt,

and opcrations of information analysis cuntc'rs in ,- ncrol,

and E-IC in pa rticular, and cxplaining thu roLz' om ENIC. in

supplying dusign data nt-tc sar 101• r MILiLtritlF sclucLicch :

Mih k, J. '. and Wclcs, S. J. 'Ih1U Roic of th' SpI'Cializtid

Irlormatiuu Analys'is C.Lotcr in N-ltc riat. St'Icction. IEEE

"I ransaction5 on .Part' , Materials, ald I- dcka inlt, i•.NP-4,

S 1- 1 L ' ( C) v i i Ic-r, I •?btj.
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SECTION VI

SALES PROGRAM

']Ih Electronic Properties T.nformattion CtGiitcr h,- oTcl-cd l01" ;sle

tnrougi II.-,'Plenmin Iiatai Corporation, Nt:\\ York, a comprehensiv.

manual index representing all docunments in the EPIC liles. At it sales

price of $150 te r voluiic, over 1200 voi) ne s o0 tle EPIC Index hatvc

been sold. Liitially sales of the iirst % olulle of the Index wýe re h aliipe re(

becaLse 01 concii rrent sales at $15 per vol-me II the CleIrinhglou.-c for

Feederal Scientitit and T u ch(II l k"I I Iiat ion.

Earls in 19u•8 an cxtensi\c plai; , s di' ye loped by tEPIC to puhlish

all major technical produ A prodiuee(I 1)y ihe CoLnje. th lro-jgh lI _, Jl'jileo

Data Corporation. All V.PIC ]ata sheets, and iur\vy Reports,slected

EPIC Mbilio.irnphivts, and Volmec 3 of tile lPIC index \ tere to 1)e p1)1-

lished by Plenuin, both individually and in _:crieb lorni on a sub.e ri)tioni

basis. Ten of the 3- i).lllications li.ted in, lai~l:c Ill ti lorni the

first volumes Ol this series. ..\dnAlilstr.ativ'- and iI. pro!liemis pru-

vented the accomplishment ou this s,-les progr-am e :orm.

"1;:e pre-eni .. le li. -lnsfr the U lu eeroi c Propert Pp r 1es tlion c, tit, lo

Center ma', bc siilnoi•rjzed as 1ollows:

* Mariketable ;.PIC Imbliks¶ iOins \\ili be soc!t iihl.vic,.l1l~v 1.0

in ,e iies iormn th.-uu'h IFI. 1-1;,lniin Data Coi-;)oroition.

Sepa mate contriacts - one fur publikIat ion of V"olume 3 o! t

ndcx andaeonda !,con(1 for publication U1 otlheI tC.' lt pr7oducts

adie buin-e ne.aotiated w\ilh I1-l Plenuin Dalta Ct'lporaLIon.

* Tleu qualitv and i a,_,ni Idc of the I'PIC le al ils\. i rnnn

scrvice lill beu mamntatined on its pjresCeClnt I'ee' o; ,h:i'1LC

v.- th the intent to inlr'eft tL s ,.rvi, , ii the utile

tirougii a q-:a litfi d U L,' ni/-_1tl'i1.

• The -, )t.• I •ote lt;i o t!1h EP ' IC iwi~ji lt I ti)t 'ý. 11 l .

2. Ironic i-'r.)1  rlil,( o, ttcAii ils \ Guidc t., tie ] tit, t .
VOItL11V I ~d. h, 1lt "h y , n. 11 1 IR. PA)GEiIBAN 2,I 'd. 1)$ I ). L. G ri-. ,y I . T,7 1 99 )) PRECDlqqPAGEBLAN
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SECTION VII

FUTURE PLANS

The activities of the Electronic Properties Information Conter

in the near future will be dictated primarily by a reduction in funding;

Air Force funding of the Center during 1970-71 will be decreased by

more tiian 30 percent under the 1968-69 aniount. Even thougi his

reduction is substantial. th-e. Ca:nter and t :w Air Force have agreed

that the Cent':r will not reduce its miaterials -properties coverage or

its services. In particular, the Center will continue its coverage of

the optical properties or m',aterials, expanded only during tha past

two years, and will continue to answer all technical inquiries within

the scope of the Center fron; the scientific commnunity. On the ocher

hand, the reduction in funding will necessitate a reduction in the

number of technical publications prepared by the Center and a reduc -

tion in the r.umber ot docunments acquired for the EPIC files. Thus,

the Center will continue to cover the same technical areas but will be

much more selective in adding data and intormation to the EPIC

retrieval system aid in cL: piling data and infor;mation into technical

publications.

The sub-%,ct ene forn.at ol iuture EPIC publications will be

dictatt d to a great extent by tLhe 5zaleability of the final product in

accordance with an EPIC bales program. In particular, the Data

Table lormat, found to be extremely popular during this contract

perro1, will_ be continued with the preparation of Data Tables on the

III-V semiconducting compounds and possibly on the Group IV semi-

Sonductors. Future EPIC Data Sheets. wi id to cover broad

categories of rnaturials rather than indiviuai mateiials; in particu-

aLr, Datia Shleets on tie key propert.es of opti al materials, inclucing

ceranics, _emi-c-onductor. ;and m tl.s, ',ill e publishe• ] JAIn 19"(;.

Othcr aspects of the sales progr i .k will be aggressively pursued.

The Contcr " ill c anti uc t- e ixplor( Lte feasibility of 71arketing the

EPIC xiiagnetic tape files. 1 he I-lC techInical an.-,%ve ring service,

will be continued et full strunhgth an describled above. In the iong range

PRECLDIH&t PA BLANK



future, EPIC will study the possibilities of rer-ote, on-line access to

its files to provide increased use of the EPIC system by the entire

scientific community on a pay-as-you-go basis.

An important addition to the activities of the Center in the near

future will be the use of an Advisory Committee composed of experts

in electronic and optical maLerials technology and information retrieval

to assist the Center in planning its activities and formating its services

and technical products to most efficiently meet the data and informa-

tion needs of the electronics community. The formation and use of

this Committee is particularly important at this time to advise EPIC

as to how it may continue to be a center of cxccllence in electronic

and optical materials technology under the reduced funding conditions

described above. Twelve individuals representing the DoD, NASA,

industry, technical societies and educational institutions have accepted

an invitation to serve on this Advisory Committee. The first meeting

of the Comtqittee is tentatively scheduled for October 1970 at Wright-

Patterson AFB. Appendix IV lists the members of the EPIC Advisory

Committee.

I
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APPENDIX I

ORGANIZATIONS SUBMITTING THREE OR MORE REQUESTS

Industrial Organizations

Aerojet-General Corp. Corning Glass Works

Aerospace Corp. Cutler-Hammer

Ailesearch Manufacturing Co. Cyprus Mines Co.

Allen-Bradley Co.

Allied Chemical Corp. Dickson Electronic Corp.

Allis Chalmers Manufacturing, Inc. Dow Chemical Co.

Amperex Electronic Corp.

Automatic Electric Labs., Inc. E. I. DuPont de Nemours & Co. Inc.

Avco Corp. Eastman Kodak Co.

EG & G Inc.

Beckman Instruments, Inc. Electronic Resources Inc.

Belden Corp. Electro Optical Systems, Inc.

Bell & Howell Corp. Emerson Electric Co.

Bell Telephone Laboratories, Inc. Engelhard Industries, Inc.

Bendix Corp. Erie Technological Products

Bertea Corp. Ethyl Corp.

Boeing Co. Exotic Materials Inc.

Borg-Warner Corp.

Bourns, Inc. Fairchild Semiconductor

Burroughs Corp. Fenwal Electronics, Inc.

Field Emission Corp.

Cabot Corp. Filohm Corp.

Carborundum Co. FMC Corp.

Centralab Ford Motor Co.

Clarostat Mfg. Co., Inc. Foxboro Co.

Collins Radio Co.

Communications Satellite Corp. General Dynamics Corp.

Continental Device Corp. General Electric Co.

Control Data Corp. General Laser Corp.
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General Motors Corp. Litton Industries

.General Telephone & Lockheed Missiles & Space Co.
Electronics, Inc.

G. & 1-. Technology Inc. Magnavox Co.

Goodyear Aerospace Corp. P. R. Mallory & Company, Inc.

W. L. Gore & Associates, Inc. Martin-Marietta Corp.

Gulf General Atomic, Inc. Materials Reserach Corp.

Gulton IndustriecE, Inc. Matthey Bishop, Inc.

McDonnell Douglas Corp.
Hartman Systems Co. McGraw-Edison Co.

Hazeltine Corp. Melpar, Inc.

Hewlett-Packard Co. Merrirnac R & D, Inc.

Honeywell, Inc. Metrophysics, Inc.

H-lughes Aircraft Co. Microwave Associates. Inc.

Microwave Electronics
ILC Laboratories, Inc. Minnesota Mining & Manufacturing

International Business Machines Co.
Corp. Monroe Electric Inc.
International Nickel Co. Inc. Monsanto Research Corp.

International Telephone Motorola, Inc.
Telegraph Corp.

Ion Physics Corp.

IRC, Inc. National Cash Register Co.

Itek Corp. National Lead Co.

North American Rockwell Corp.

Alex E. Javitz Co. Northrop Corp.

Norton Research Corp.

Kaiser Aluminum & Chemical

ýKawecki Berylco Industries, Inc. Owens-Illinois, Inc.

KDl Poly-Technic, Inc.
Packard Bell Electronics

Lear Siegler, Inc. Phelps Dodge Corp.

Lenkurt Electric Co. Philco-Ford Corp.

Ling-Te ico-Vought, Inc.
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Radio Corporation of America Tektronix, Inc.

Raychem Corp. Texas Instruments Inc.

Raytheon Co. TRW, Inc.

Rogers Corp. Tyco Laboratories

Rohr Corp.

Ryan Aeronautical Co. Union Carbide Corp.

United Aircraft Corp.

Sanders Associates, Inc.

Sandia Corp. Varian Associates

G. T. Schjeldahl Co.

Signetics Corp. Watkins-Johnson Co.

Simmonds Precision Products, Inc. Western Electric Co. , Inc.

Singer-General Precision Inc. Westinghouse Electric Corp.

Speer Carbon Co. Weston Instruments, Inc.

Sperry Rand Corp. The Ralph White Co.

Sprague Electric Co.

Stromberg Carlson Co. Xerox Corp.

Sylvania Electronics Products, Inc.

Educational and Research Institutions

Arizona State University Illinois, University of

Arizona, University of Indiana University

Battelle Memorial Institute Iowa State University

Brandeis University Kentucky, University of

Brigham Young University Maine, University of

California Institute of Technology Massachusetts Institute of

California, University of Technology

Carnegie-Mellon University Michigan, University of

Colorado, University of Minnesota, University of

Connecticut, University of Missouri, University of

Cornell University New York, State University of

Florida, University of New York University
."lorth Carolina State University

Illinois Institute of Technology
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Northeastern University Texas, University of

Ohio State University University of Dayton

Pennsylvania State University University of Rochester

Purdue University University of Southern California

Research Triangle Institute University of Toledo

Rutgers University Utah, University of

Southwest Research Institute Vermont, University of

Stanford University Virginia, University of

Temple University Wisconsin, University of

Texas Technological College Yale University
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APPENDIX II

MEETINGS ATTENDED BY EPIC

51



U0

0 0

0 pr 0 r-.
- "'~C th

00

.0 C) - ,

uC (z~o w _: D C) .

0 -
x~**~~4~

V) C )uc

04 ~~cz,
M4C ~

-0 Cm C) H C

ul U. U

C OC U 0

vo U

:0 QI

~~0
- - u.

14 -c -4 1
U) N) C;'

-44 V) w M' V0LO

000

'.0
-r, 3- 0,

~L4 Z - ~-

52



4))

0 14)

00

U Q)'j

14 C

MI 0 .- 4 )
1414 41

00

14 14 -44

~41 4)0-'ý

-~4 44 m U) w 14 ~ 1

0C c 0  24 U
~ 0 401 14 CL C 1

•.. "-' -o , " *--- .

rd• 'd' . .6

So o o•

0 U* 0 'n0. 0

4 .- 4 .-i 0 04

*4) ~4) Q Q)4

0~~ 0o U 4

u E~

NI

"k 0- (

it 0 1U'0 1
441 u a' i)4
N Nj

44 • U. (- ad-4

14 .0 0
4) -L Ný N) (n Nd 4 - .- 4U ý 4

14 .- a40k' -
Ua' S 004( 14 C M C C
0-1 0.~ 0.

In rAc u (A 4 .53



M~ 0
41 +

M -4
-44

E -4

u) ~ 0
CL0

0

1.41CA
~~&w Ed .

-4 -- 4LI4

~0

U ý 0 CL~

00-

0 > x. 0 CL2

%4"- ft 1-

a' U

'0 - .4'

0' &4 rA0 
L4Q

'a)
V) -4 14

1 ~ 10
C u

co CL) t

0: u 0

540



APPENDIX III

EPIC PERSONNEL

Dr. Sheldon J. Welles'" Head, EPIC

Dr. Richard I. Akawie Meniber of the Technical Staff
Donald L. Grigsby Member of the Technical Staff
Irnee J. d'Haenens Consultant, Hughes Research

Laboratories
John T. Milek Member of the Technical Staff
Alfred J. Moses Member of the Technical ,:taff
Meta S. Neuberger Member of the Technical Staff

John R. Chase Data Processing Specialist

On April 6, 1970 Walter H. Veazie replaced Dr. Welles as
Head, EPIC.
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